Purpose. To test effects of parent/child training designed to increase calcium intake, bone-loading physical activity (PA), and bone density.
INTRODUCTION
Osteoporosis is a public health problem in the United States. More than half of all women and as many as one-third of all men will experience an osteoporotic fracture at some point in their lives. 1 Although it is commonly believed that osteoporosis is primarily a female disease, the incidence of hip fractures in men and women increases similarly with advancing age, although delayed by 5 to 10 years in men. 2 In the absence of intervention, the number of individuals afflicted by this condition is projected to double or triple in the next 30 years because of increased longevity and unhealthy lifestyles. 3 Genetic factors are estimated to determine 60% to 80% of peak adult bone mass, leaving environmental and lifestyle factors as important contributors of 20% to 40% of bone mass. 4 Physical activity and diet, in addition to body weight and hormonal factors, are determinants of fracture susceptibility throughout life. 5 Studies involving increased intake of calcium-rich foods have consistently shown increased bone mass in children and adolescents. [6] [7] [8] [9] [10] [11] However, an important issue is whether the gain in bone mass that can be achieved is retained postintervention. Results from intervention studies of long-term effects of calcium intake are inconsistent. [12] [13] [14] [15] It is likely that physical activity and adequate calcium intake need to be sustained to maintain gains in bone mass and strength.
Preventing osteoporosis may be accomplished by optimizing gains in bone mass and bone strength during adolescence, especially during the years of rapid linear growth. 5, 16 In a cohort of Canadian youth aged 8 to 18 years, measured annually over 7 years, the rate of bone mineral accrual was at its highest between approximately ages 11 and 14 years, with girls showing an earlier peak rate by approximately 1.5 years. 17 By the age of 18 years, adolescents will have acquired 90% of their peak bone mass. 4 Osteoporosis may be considered a pediatric disorder that is manifested later in life. 18 It has been reported that each 5% increase in peak bone mass reduced the lifetime risk of fracture by 40%. 4 Evidence from a cross-sectional study of prepubertal and retired female gymnasts suggests that vigorousimpact exercise during childhood (mean age 10.4 years) may increase bone mineral density (BMD) and reduce fracture risk during adulthood by 25% to 50%. 19 Although longitudinal studies are needed to confirm these observations, the findings support early intervention to reduce future fracture risk.
The timing of exercise in terms of puberty may also be a determinant of the amount of bone mineral a child can accrue. Several exercise interventions in girls and boys during the prepubescent or early pubescent years showed significant net gains in bone mineral content (BMC) following 8 to 9 months of intervention, [20] [21] [22] whereas there is some evidence in girls that exercise after menarche may be less effective in promoting rapid bone mineralization. 23, 24 Given the evidence mentioned above that children accrue bone mineral at an accelerated rate during the preteen years (and early teen years in boys), we targeted preteens for our intervention.
PURPOSE
Although there have been many studies of exercise and nutrition effects on BMD in adults, particularly in women, relatively few randomized, prospective studies have been conducted among children and adolescents, including both boys and girls. 16, 21, 22 Also, it is generally agreed that vigorous and high-volume exercise associated with competitive sports can increase bone density, but less is known regarding the effects of more moderate exercise typical of nonathletic children. The purpose of this study was to determine whether parent and child training could increase calcium intake and bone-loading physical activity enough to increase bone density in preadolescent girls and boys.
METHODS Design
A random assignment, two-group repeated measures experimental design was employed. Qualified, consenting families were sequentially recruited, completed baseline measures, and were assigned at random to the physical activity and nutrition intervention or the injury prevention control group. An odd digit from a table of random numbers assigned the participant to the control condition; an even digit assigned the participant to the experimental condition without stratification for gender. Power was calculated based on the total sample, combining both genders. Assuming a four repeated measures by two groups design a 5 .05, a two-sided test, a moderate effect size of ..25, N's as small as 32 in each group provided 85% statistical power to detect significant group by time interactions. 25 Preliminary analyses revealed gender differences in baseline levels of calcium intake, physical activity, and bone density. Thus, analyses were run separately by gender.
Sample
Nine cohorts were sequentially recruited over a 3-year period, with a class session starting approximately every 3 to 5 months. Baseline measures were conducted between April 2000 and February 2003. Cohorts ranged in size from 9 (our first cohort) to 21 families.
Participants were 10-to 13-year-old children with at least one English-or Spanish-speaking parent, living in San Diego County, California. Children were excluded for the following conditions: participation in high-impact or high-muscular-resistance competitive sports 3 or more times a week for 9 or more months a year; health conditions barring them from physical activity or limiting diet; bone disorders or taking medications known to affect bone metabolism; spending less than 4 days a week with the guardian willing to attend classes; and having a body mass index greater than 32. Children were not screened for calcium intake. Families were recruited from community events (i.e., neighborhood street fairs, holiday parades), from advertisements in local newspapers, from fliers posted within the community (i.e., local stores), and from cooperating pediatric agencies. All procedures were approved by the San Diego State University and University of California San Diego Institutional Review Boards.
Intervention
Parent Training Procedures. Parents received 90 minutes of instruction for each of 8 weeks, independent of their children. A portion of each class focused on osteoporosis, physical activity, and diet beneficial for bone health. This component included a mixture of discussion, hands-on activities such as taste tests and exercises that could be done at home without sports equipment, and time for questions. Remaining class time (about 60 minutes) was spent training parents in behavior management techniques to be directed toward modifying children's physical activity and diet, with emphasis on high-impact, high-muscular-resistance activity and high-calcium food consumption. Parents were taught to use reinforcement (e.g., praise, privileges), shaping, modeling, monitoring, goal setting, and behavior contracting to increase target behavior. These techniques have been successful in previous studies aimed to increase energy intake and activity in children with cystic fibrosis and in trials aimed to decrease children's exposure to tobacco smoke. [26] [27] [28] [29] Parents were asked to help their children meet a goal of a minimum of 30 minutes of moderate to vigorous physical activity, including high-impact activity, 5 or more days a week, and a goal of 1300 mg of calcium each day. All families received brief coaching calls throughout the 8-week period offering individualized assistance and extra support as needed. Telephone coaching procedures were based on procedures that have been For individual use only. Duplication or distribution prohibited by law. effective in our previous tobacco exposure reduction efficacy trials. 29, 30 Child Training Procedures. Children received 90 minutes of instruction once each week for 8 weeks with at least 60 minutes spent in supervised physical activity. The training sessions began with a brief discussion of bone health, exercise, and exercise safety, followed by a warm-up, activity instruction, and participation in individual and cooperative exercises that emphasized bone-loading, including jumping, hopping, skipping, and rebounding from a 40 to 80 platform. Fitness games emphasized a variety of motor patterns, quick starts/stops, and changes in direction. Exercises were designed to teach children fun activities that could be performed with minimal equipment at home and in the neighborhood, as an individual or in small groups. Some exercises incorporated stability and medicine balls, jump ropes, small hand weights, and items found in the home or community such as chairs or curbs. During the last few weeks of the intervention, children were taught exercises on weight machines, modifying the machine and/or exercise as appropriate to accommodate the child's body size.
Resistance exercises included leg presses, seated rows, shoulder presses, bicep curls, and triceps extensions. Participants also learned stretching exercises. The final portion of each session was spent setting individual activity goals with the children, reviewing their goals from the previous week, and discussing the importance of calcium intake, calcium food sources, and calcium foods consumed during the previous week. Raffle tickets, praise, encouragement, and differential attention were used to shape and reinforce child behavior.
Evaluation of Intervention Implementation. Attendance was measured at the start of each session. If a family missed a session, both parent and child had the opportunity to make up the session with a one-to-one session with an instructor. Bilingual, individual sessions were offered in Spanish to parents. A participant was considered to have attended the session if the parent was present during class or made up the session with an instructor.
Participants considered to have completed the intervention participated in a minimum of 3 sessions and a maximum of 8 sessions. The mean number of sessions attended was 7, with a standard deviation of 1.15. Almost three-quarters (74.5%) of participants attended 7 or more sessions. The number of sessions attended did not differ by condition, with control group families attending on average 6.8 sessions (61.08) and experimental group families attending on average 7.1 sessions (61. 19 ). Implementation of the intervention was measured by the number of assignments participants completed. Assignments included child and parent monitoring sheets, behavior contracts, and goal sheets that were distributed to families in both the experimental and control conditions. On average, families completed 11 assignments (65.5). Only 4 families did not complete any assignments. Number of assignments significantly correlated with number of sessions attended (r 5 .473, p , .001). Number of assignments completed was slightly, but not significantly (p 5 .07) higher among experimental group families (11.8 6 5.3) compared to control group families (9.9 6 5.6). It is important to note that control families were completing these tasks for injury control outcomes and should have adhered about equally with the experimental families.
Reimbursement and Incentives. Parents were provided reimbursement for travel to training and measurement facilities; they and their children were provided meals during the training sessions that illustrated calcium-rich foods; parents and children received raffle tickets for class attendance and participation that were entered into a raffle during each session for small prizes; parents and children were provided with cash compensation ($200) for all measures. Attendance and progress toward shaping their children to engage in target behavior resulted in recognition and praise.
Control Group Procedures
Procedures for the injury prevention control group were identical to those of the experimental group, with the topical information relating to child safety rather than diet and exercise.
For example, parent training included the same behavior management techniques with target behaviors such as bicycle and water safety. Similarly, child sessions focused on injury prevention topics rather than physical activity. Training session frequency and duration, telephone coaching procedures, and reimbursement and incentives were identical, thereby controlling for attention.
Measures
Most measures were completed at baseline, at posttest, and at two followup assessments. Posttest measures were collected at approximately 3 months after the start of the sessions. The average number of days between baseline and posttest for the physical activity measure was 94.6 6 37 days and for the calcium measure was 103.9 6 32 days. The first follow-up was approximately 9 months post-baseline measure. The average number of days from the baseline measure to the first follow-up measure for physical activity was 271.5 6 28 days and for calcium was 283.3 6 34 days. The second follow-up measure was approximately 12 months after the baseline measure. The average number of days from the baseline to the second follow-up measure for physical activity was 367.8 6 39 days and for calcium was 380.5 6 29 days. Measures were collected at all points of assessment with the exception of the dual-energy x-ray absorptiometry (DXA) scan and Tanner staging. The DXA measure occurred at the 9-month measure, on average 247.7 days 6 43 days after the baseline measure. Tanner staging was assessed only at posttest.
Demographics. Age was reported by the preteen and ethnicity and parent education by the parent. The highest education level reported for either parent was used as an estimate for social class.
Diet. Calcium intake, total energy intake, and other dietary data were measured using three 24-hour dietary recalls, conducted within a 2-week period by telephone with trained interviewers using a computer- Interviewers queried about dietary supplement use in addition to foods eaten. Both parent and child participated in the dietary recalls, with the parent assisting the child to recall complete diet information and to verify quantities. Participants were given measuring cups, spoons, and food pictures to aid in accurate reporting of quantities of foods consumed. Calcium intake was recorded in milligrams per day to correspond to average daily recommendations. Energy-adjusted calcium intake was calculated by the nutrient density approach (dividing calcium intake by energy consumption). Calcium intake was also dichotomized as 1 5 met or exceeded the daily recommendation of 1300 mg or 0 5 less.
Physical Activity. Physical activity levels were assessed using one 24-hour physical activity recall of weekday activity conducted with the children by telephone. The recall measure was similar to measures previously validated for children. 31, 32 The recall prompted for participation, frequency, and duration of 28 physical activities plus an openended category for other activities occurring before, during, and after school. A high-impact physical activity score was computed for total time (frequency 3 duration) engaged in activities meeting the high-impact criteria. Muscle-strengthening/weightlifting exercise was included in the high-impact activity score, as well as gymnastics, basketball, soccer, volleyball, jumping, jogging/running, and karate. High-impact physical activity was calculated in minutes/day. For example, a child who ran for 15 minutes before and after school, played basketball once for 30 minutes after school, and then swam for 20 minutes after school would have had a total of 60 minutes of high-impact physical activity (15 3 2 for running, 30 3 1 for playing basketball, and 0 for swim-ming). Extreme values were recoded to two standard deviations from the mean. The reported relationship between weekday total time of highimpact physical activity correlated with total body BMD (r 5 .207, p 5 .03) and lumbar spine BMD (r 5 .201, p 5 .03) from the participant's DXA scan, suggesting predictive validity. Physical activity was also dichotomized as 1 5 met the daily recommendation of at least 10 minutes of high-impact physical activity and 0 5 less. 21, 22, 33 DXA-based Bone Mineral Density and Body Composition. BMD, BMC, and body composition were measured using DXA (DPX-NT, GE/Lunar Corporation, Madison, Wisconsin, software version 6.80) at our research facility. High-resolution regional scans of the total body, lumbar spine (frontal projection), and proximal femur were conducted. Pediatric software algorithms provided by the manufacturer were used for all DXA scans. Precision (% coefficient of variation) for our laboratory was 1.23% for spine (L1-L4), .6% for total hip, and .99% for total body BMD. This paper analyzed BMD (g/cm 2 ) and BMC (g). Only BMD is reported in the tables. Bone measures were conducted at baseline and 9 months for the lumbar spine (L1-L4), femoral neck, trochanter, total hip, and total body and their percent changes in BMD ([(9-month value 2 baseline value)/baseline value]3100). Lean tissue mass was measured by DXA. A DXA scan was not conducted at 9 months for our first cohort. Therefore, seven participants do not have 9-month bone density values. This subset was retained in our sample because they did complete 9month calcium and physical activity measures.
Other Measures. Height and weight (with shoes removed) were measured by technicians during fitness testing. Pubertal status of participants was assessed using self-reported Tanner stages, 34, 35 with boys rating their development of pubic hair and girls rating their development of pubic hair and breasts. As reported in a prior publication, preadolescents accurately reported their pubertal stage. 35 Puberty status was assessed during the posttest measures.
Covariates theoretically expected to determine bone development-age, height, lean tissue mass, and pubertal development-needed to be included in the multivariate models in order to differentiate between normal bone development caused by maturation and bone development caused by the intervention. However, the sample size limited the number of variables that could be included in the model. To conserve power sufficient to test group by time intervention effects, a single growth composite scale was formed. Baseline age, height, lean tissue, and pubertal development were converted to a common metric stratified by gender using SPSS. The growth composite score was formed by computing the mean of standardized items allowing up to one score to be missing (Cronbach a 5 .85 for boys and .84 for girls).
Analysis
Statistical analyses were performed using SPSS versions 6.1.3 and 10.1 and SAS version 9.1. Graphics were generated from Stata version 10. Double entry and logic checks were implemented to ensure data accuracy. Transformations were computed for calcium intake, high-impact physical activity minutes, and BMD to constrain skewness. Geometric means and antilog interquartile ranges are reported in tables. 36 Group by time effects for the intervention were analyzed longitudinally using GEE, with linear components of time as ''within subjects'' factors and a group by time interaction as a ''between subjects'' factor. 34, 37 The number of days postbaseline served as the time variable for GEE equations. The time interaction term was formed by multiplying the group variable (control 5 0, experimental 5 1) by the time variable (number of days post-baseline measure). BMD and BMC were regressed on predictors using a Gaussian link function and an exchangeable correlation structure. Modeling procedures based on GEE are superior to models based on analysis of variance because they do not require repeated measures to be equally spaced and they retain cases with missing data. 30, 37 Analyses of variance (ANOVAs) compared group means cross-sectionally at each point of assessment for calcium For individual use only. Duplication or distribution prohibited by law.
intake, high-impact physical activity, BMD, BMC, and BMD and BMC percent change. Pearson x 2 analyses tested group differences. Gender comparisons were conducted across all analyses.
RESULTS

Sample Demographics
Sequential recruitment from 2000 to 2003 resulted in 138 families volunteering and 117 completing baseline and follow-up measures for inclusion in outcome analyses. Figure 1 displays the number of participants who were eligible, were randomized, and completed the study, and reasons for exclusion and noncompletion.
The sample was comprised of 58.1% girls with a mean age of 11.48 years (SD 5 .96). The ethnic distribution was 42.7% Hispanic, 40.2% White non-Hispanic, 9.4% African-American, and 7.7% other. Ninety-seven percent of participants had at least one parent graduate from high school and 37.2% had at least one parent graduate from a 4-year university.
Demographic and outcome variables at baseline were tested for significant differences between control and experimental conditions, using t-tests or x 2 tests, depending on the variable metric. Only gender reached significance, suggesting that random assignment resulted in balanced groups for all other factors. Boys and girls differed on Tanner stage, with girls reporting significantly higher pubertal stage than boys (2.9 and 2.2, respectively, p , .001). Boys and girls were significantly different at baseline for BMD, calcium intake, and fitness level; therefore, all analyses were conducted separately by gender.
Participants who dropped out of the study were compared to those who completed the study. Only age was significantly different, with participants who dropped out being younger than those who completed the study (10.73 years [SD 5 .84] vs. 11.42 years [SD 5 .97]), and this effect was controlled for in multivariate bone analyses.
For each outcome variable we have presented tests of the significance of cross-sectional differences between groups. These analyses are followed by a summary of the test of significance of the difference in change over time for the same variables. Following these analyses we present the statistically significant differences between groups for those who met a recommended criterion for health. For individual use only. Duplication or distribution prohibited by law.
Calcium Intake
Cross-sectional Differences. Table 1 reports geometric means and interquartile ranges for calcium intake at each point of assessment. Boys in the experimental group had significantly higher calcium intake than the control group at 3 months and 9 months. The difference was no longer significant at the 12-month assessment, but the experimental group's mean calcium intake remained higher than that of the controls. Similar patterns were observed for energy-adjusted calcium intake, with significant differences again at 3 months but not at 9 or 12 months. Among girls, the experimental group had higher calcium intake but was not statistically different than controls at 3, 9, and 12 months. For energy-adjusted calcium, girls in the experimental condition were higher than controls at 3, 9, and 12 months, but not significantly. Both boys and girls in the experimental group experienced an approximate 25% increase in calcium consumption from baseline to posttest, although the girls did not attain the same mean level of intake as boys.
Differential Change Over Time. Figure 2 plots the best-fit line for each condition by gender. Each individual's logtransformed calcium value was plotted across all points of assessment. We present the best-fit line of the individual points as determined by the Stata graphics (lfit) procedure. Longitudinal GEE results are explained below. For calcium intake, a significant group by time interaction was observed from pretest to posttest (0-3 months) for the full sample (p 5 .008) and for girls (p 5 .006), but not for boys. For energy-adjusted calcium, significant group by time effects were observed pretest to posttest for the full sample (p 5 .006) and for girls (p 5 .008), but not for boys. From posttest to follow-up (3-12 months), a group by time inter-action for calcium and energy-adjusted calcium intake was no longer significant for the full sample or for boys and girls separately. However, the change in calcium intake across the length of study (0-12 months) produced a significant group by time effect for the full sample (p 5 .023) and a significant effect for girls (p 5 .019), but not for boys. Change in energy-adjusted calcium was not significant across the length of the study for the full sample, for girls, or for boys.
Meeting Calcium Recommendation. Further cross-sectional analyses were conducted with the percentages of boys and girls within each condition who met the recommended 1300 mg per day calcium intake ( Table 2 ). The proportion of boys in the experimental group who met the daily calcium recommendation was significantly higher than in the control group at 9 months (p , .001). The pattern observed among boys in the experi- Table 1 Cross-sectional Analyses of Calcium Intake and Minutes of High-Impact Physical Activity (PA) (Geometric Means and Interquartile Range at Baseline and at 3, 9, and 12 Months)À For individual use only. Duplication or distribution prohibited by law.
mental group reflected a higher percentage meeting the calcium recommendation at 3 and 9 months, with a slightly lower level at 12 months, but still above the baseline level. In comparison, the pattern observed among control boys reflected a lower percentage meeting the calcium recommendation at 9 months and then a return to baseline levels at 12 months. The percentage of experimental girls achieving the recommended levels of intake was higher than that of controls at 3, 9, and 12 months, but there were no significant cross-sectional differences. For control girls, a decline in percentages who met the calcium recommendation across the entire length of the study was observed. Both genders in the experimental group had a higher proportion meeting the recommendation at every point of assessment posttest than their control counterparts. The patterns observed with the percentage meeting the recommendation parallel the trends observed in the reported group means in Table 1 .
Weekday High-Impact Physical Activity
Cross-sectional Differences. Table 1 reports geometric means and interquartile ranges for total minutes per weekday of high-impact physical activity at each point of assessment. Average minutes of high-impact physical activity were lower at posttest for both genders in experimental and control groups. Among boys, high-impact physical activity minutes were not significantly different between group conditions at any assessment point, although experimental boys were higher at each postbaseline assessment. Experimental girls' average minutes of high-impact physical activity was approximately double the average of the control group at 9 and 12 months, but only marginally significant cross-sectional differences were observed at 12 months.
Differential Change Over Time. There were no group by time effects for highimpact physical activity across the length of the study, pretest to posttest, or posttest to follow-up for the full sample or for either gender separately. Figure 3 presents the best-fit line for the log-transformed amount of high-impact weekday physical activity across all points of assessment. Both genders in both conditions declined across time.
Meeting High-impact Physical Activity Recommendation. The percentages of boys and girls in each condition meeting at least 10 minutes per day of high-impact physical activity were examined ( Table 2 ). This level, when averaged over a week, has been found beneficial as measured by bone mass. 21, 22, 33 A significantly higher percentage of experimental boys met the recommendation at 3 months compared to control boys. Among experimental boys, fewer met the recommendation at 9 and 12 months compared to 3 months. A lower percentage of control boys met the recommendation than experimental boys at all points of assessment except at 12 months, where a higher percentage of control boys met the recommenda- Log of Calcium Intake by Group and Gender tion compared to experimental boys. Among girls, the experimental group reported higher percentages of meeting the high-impact physical activity recommendation at each postbaseline assessment, although not significantly.
Bone Measurements
Cross-sectional Differences. BMD values at baseline and 9 months are presented in Table 3 without applying controls for skeletal growth. BMC results are not shown in tabular form but results from their analyses are discussed below. There were no group differences on mean values of BMD or BMC at 9 months.
Differential Change Over Time. Two different analyses were conducted to assess bone change. The first analysis was to create a percent change in bone between the 9-month and baseline measure ([(9-month value 2 baseline value)/baseline value]3100). The BMD percent change values for each bone site are presented in Table 3 without applying controls for skeletal growth. BMC percent change variables are not presented in the table but are described below. Group differences were tested on percent change using ANOVAs. Experimental boys accrued 4.1% in total hip BMD compared to 2.2% for controls (p 5 .053) as well as accruing 5.0% in femoral neck BMD compared to 2.4% for controls (p 5 .041). Higher spine, trochanter, and total body percent changes were observed for experimental boys, but these changes did not reach significance. Girls' BMD accrued at a higher rate than boys. However, there were no significant differences in the percent increase between experimental girls and controls at any bone site. Percent changes in BMC were analyzed without applying controls for skeletal growth. Experimental boys accrued higher rates of BMC at all bone sites compared to control boys, but only marginally statistically higher at the total hip (12.0% vs. 9.0%, p 5 .09) and total body (11.3% vs. 9.3%, p 5 .07) regions. Among girls, there were no significant differences in BMC by experimental condition. However, control girls showed a near-significant increase in spine BMC accrual (13.4% vs. 18.2%, p 5 .08) compared to experimental girls. The second analysis assessed repeated measures of bone using GEE and adjusting for the growth composite score. There were no significant group by time differences for the full sample. Among boys, group by time differences reached significance for total hip BMD (p 5 .045), and femoral neck BMD (p 5 .033). Experimental boys showed a higher rate of bone accrual at the hip and femoral neck regions compared to control boys even after adjusting for skeletal growth. Similar differential increases were observed among boys for BMC at the hip (p 5 .068) and total body (p 5 .054) regions. No significant group by time interaction effects were observed for girls at any bone site for BMD. For BMC, control girls showed an increase in spine BMC (p 5 .030) compared to experimental girls. No other significant group by time interaction effects were observed for girls for BMC.
DISCUSSION
As noted earlier, more than 50% of women and 30% of men will experience an osteoporotic fracture in their lifetime. Because bone growth and integrity are determined during growth periods in childhood and adolescence, it is imperative that efficacious interventions during childhood be identified in order to reduce or delay the incidence of osteoporosis and consequential fractures for women and men. Increasing BMD and BMC during adolescence might achieve these goals.
Our parent and child training was based on learning theory, studies designed to train parents in child management, and studies that demonstrate children's ability to modify food choices and activity. [26] [27] [28] [29] We hypothesized that family training was sufficient to increase calcium intake to the target of 1300 mg per day and moderate to vigorous physical activity to 30 minutes per day, including at least 10 minutes of highimpact activity, for at least 5 days per week. Our outcome results, although promising, did not reach these levels.
For change in calcium intake, we achieved increases in both boys and girls, but only experimental boys For individual use only. Duplication or distribution prohibited by law.
reached the goal of 1300 mg per day. Differential change in calcium intake over time showed that the experimental group increased calcium intake pretest to posttest significantly more than did controls. This approached significance for boys and reached significance for girls, even though the average for girls did not reach the 1300 mg per day goal. The significance of differences in girls was most likely attributed to the decline in the control group pretest to posttest with an increase in the experimental group. However, consistent with behavioral theory, group by time interactions were no longer significant for the whole sample or for boys and girls separately over the follow-up period. This suggests that the increase in calcium intake was not sustained in absence of the intervention procedures. Because theory asserts that behavior should be reinforced at least intermittently to be sustained, this finding suggests that our training did not sustain parent-child management procedures enough to sustain increased calcium intake among children. An alternative explanation for our findings on calcium intake is that the recognized imprecision of dietary assessment constrained our ability to obtain accurate estimates of calcium intake in the study sample. The interpretation of self-reported data on dietary intakes collected using available methodologies (including dietary records, recalls, and food frequency questionnaires) is constrained by several well-described limitations. 38, 39 For changes in physical activity, average weekday minutes of high-impact physical activity decreased over time for both genders in both experimental groups, which is typical as children progress through adolescence. 40, 42 Boys maintained a higher level of physical activity compared to girls. Control girls reported the lowest levels of physical activity of any group. These findings suggest that the intervention may have slowed the rate of decline in high-impact physical activity for both boys and girls. Although such a ''trend'' is promising, it falls far short of our goals for increasing high-impact physical activity.
Our primary outcome measure was change in BMD. No significant group by time interactions were observed for the full sample. However, for boys, longitudinal group by time differences remained for BMD total hip and femoral neck as well as total hip and total body BMC after controlling for skeletal growth. The only significant difference among girls was an increase in spine BMC observed for controls compared to experimental girls. Our interpretation of these bone changes is that for girls, failure to reach the goal for calcium intake and/or failure to sustain, let alone increase, high-impact physical activity precluded differential increase in bone relative to controls, even though both groups were growing and obtained increases in bone density. For boys, however, we achieved a For individual use only. Duplication or distribution prohibited by law. significant differential increase in calcium intake that reached the goal of 1300 mg per day among those in the experimental condition. Although boys did not obtain a significant increase in high-impact physical activity, experimental boys decreased activity more slowly than did male controls or girls. The combination of both sufficient calcium intake and sufficient physical activity, at least during the 9 months of follow-up, appears to have been sufficient to obtain a differential increase in BMD and BMC among boys, even after control for skeletal growth.
To test a procedure that might enable parents to promote relatively intense physical activity and calciumrich diets in their children, we adopted a brief parent training model. Our results suggest that this did not result in sufficiently intense physical activity for boys and girls or calcium consumption among girls. Relying solely on clinical or public school programs to achieve these goals does not now appear affordable, making family interventions all the more important for prevention of osteoporosis. A program that can equip parents to promote diet and activity in their children remains to be developed and validated.
Although most parents in both experimental and control conditions acquired knowledge of child management practices, anecdotal information suggested that many were not motivated to encourage their children to engage in more or more vigorous recreational physical activity. Future studies should direct more attention to increasing motivation of parents to provide incentives to increase the frequency, duration, and intensity of physical activity, even if this compromises other responsibilities (e.g., household chores) assigned to adolescents. This might be achieved by teaching parents to discriminate the intensity, duration, and frequency of bone-building physical activity from less intense and casual recreational activity. This might also require linking physical activity, in addition to household chores, to contingent privileges.
Although a specific exercise prescription for maximizing bone mineralization in children is not yet known, recent studies indicated that 15 to 20 minutes of high-impact activity, e.g., jumping, for 2 to 3 days per week induced significant differential changes between control and intervention groups. 21, 22, 33 Thus, our overall results suggest that the ''dose'' of our physical activity intervention needs to be substantially higher in both boys and girls. Our data also suggest, for girls, that a more intensive intervention is needed to increase calcium intake.
Our results are encouraging in the face of recent research that has not demonstrated reliable increases in BMC for preteen girls involved in a lifestyle educational program. 43 Other research, however, has demonstrated BMD and BMC increases in the context of structured, school-based programs of vigorous exercise for children and for structured trials conducted within HMOs. 21, 22, 43 A study conducted among teen girls showed significant increases in calcium and vitamin D intake but no differences in physical activity. This trial produced significant increases in BMD after 1 year and maintained these differences for an additional year. 44 Future research should be directed to means of increasing the intensity of interventions for both diet and physical activity changes and maintenance among both girls and boys not involved in competitive athletic programs.
Recent research directions following ecological models suggest that ''more intensive interventions'' might involve both societal changes in built environments (such as development of walkable neighborhoods [45] [46] [47] [48] [49] ) and policies that encourage calcium fortification of a wide variety of foods (e.g., orange juice, cereal, bread). This might set in motion greater physical activity in general, but it may not be sufficiently highimpact to affect change in bone mass or strength. However, even an increase in general activity might combine with more intensive educational or clinical interventions to affect bone health.
To our knowledge, no study has demonstrated that increased calcium fortification of foods results in an overall increase in calcium intake. Such policies, as for walkable neighborhoods, might serve as motivating variables that increase the efficacy of educational or clinical interventions to increase calcium intake and high-impact physical activity to high enough intensity to affect bone growth during critical periods of development. Policies that increase opportunity for calcium consumption as well as promoting general physical activity (if not vigorous) also might serve as mediating variables for maintenance of lifestyle changes achieved by formal educational or clinical interventions. Thus, research concerning both community-wide and intensive clinical interventions seems warranted to test possible osteoporosis prevention and to reverse alarming trends in preteen and adolescent diet and physical activity patterns.
Future research should be directed to development of more intensive interventions for increasing calcium intake and for increasing high-impact physical activity and to assess their affects on bone health in the context of increased calcium fortification of foods (or other policies affecting diet) and community-wide ecological supports (e.g., city planning) for general activity, if not also for high-impact physical activity. This will require contrasting ecological conditions within which more intensive educational/ clinical interventions are tested experimentally.
SO WHAT? Implications for Health Promotion Practitioners and Researchers
This is the first randomized, controlled trial that has taught parents of preteens to use child management procedures to encourage their preteen children to consume high calcium diets and engage in bone-loading physical activity, behaviors that, combined, promote bone growth. Increases in calcium consumption and increases in bone density among boys suggests that a more intensive intervention might yield sufficient change in diet and physical activity to contribute to the prevention of osteoporosis in later life. If our results hold true, health promotion researchers should provide more intensive skills training procedures for more than 8 weeks in order to reliably increase calcium consumption and bone-promoting physical activity in both male and female preteens. For individual use only. Duplication or distribution prohibited by law.
